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D scription 

FIELD OF THF iMv/FMTirtM 

^ZS^SSST"" and ,h,i ' us ' in * * »~ M « b, 

BACKGROUMn nc tuc ■^ Trmnr| 

the .ncision through which the surgical procedur s conZ^ll *"* IT" " is desirable to *">P 

mulsification surgery, in which the lens is U a Zn t eZ ^tZl ! *?■ W " h the dev *'°Pment of phacoe 

small cannula, i, has become possible to 3eT,en S * ouohT ^ fragmen,S as P irated ,n ™9h a 

' since an IOL is typically at least six millimeters , n ™T "° ' afger ,han 2 " 3 millimeters. However 
insertion o, the IOL In order to perm* h e uTe cit^S^S^Tl, ^ * b ° made t0 'he 
and inflatable lOLs have been devised ' nCIS, ° n tech "We, various flexible, distortable 

Mazzocco, U S Patent Nn 4 ^70 q QQ , 
stretched to fit through a relative^s^ «hat can be rolled, folded, or 

^KeatesTT ^ and ^nations hereof hydr ° 9e ' P °' ymer c °mpounds, 

polymrsLLtsfenTrTbb^ in,raocular lens W*r made from a flexibie inert 

through a redely small incision. Tn^^KSSSS ^""T™* Whfch ™ M ™ 
several of the small lenses are inserted through tie incS ^and nt Th T' ,hr ° U9h 9 Sma " incision and 
intraocular lens. 9 " lnCISIOn and lnt0 the Pockets m the lens holder to form a composite 

ethylene glycol dimethylacrylate may be methaC( y || c copolymers which are cross-linked with 

lenses are simpler to manufacture and use; howeveT when thev arc SET 7T ^ de, ° rmable intraocular 
polyurethane earners and silicone elastomers, 2cTZlTr^ v Tl TT^ hi,hert ° emp '° yed ' SUch as 
th.ck .n order to provide a lens of the proper refra^^?^!!^ ! a ° t,Ve mdex ' ,hey must 06 relatively 
distort it into a shape which will fi, through a Z tZZ f un^I T T' ^ 11 is ,0 def °™ or 

through a small incision may exceed its etestic p^emes sc JSJE f " l ° forCe 3 thk * lens 

SUMMARY OF THE INVFNTinM 

ary. acry,ate and a*, methane monomers ha^ " 31 ,eaSt 2 m — 

X 

COCKCH 2 ) m -Y-Ar 



CH 2 = i-i 



wherein 



X is H or CH 3 , 
m is 0-10, 



V k n«„ 9 . o, S, . NR R is H. OH,, C n H a „, <„„ .,„, ^ „ 
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Ar is an aromatic ring which can be unsubstituted or substituted with H, CH 3 , C 2 H 5 , n-C 3 H 7l iso-C 3 H 7 , OCH 3i 
CeHu , CI, Br, C 6 H 5 or CH 2 C 6 H 5 ; and 

a copolymerization cross-linking monomer having a plurality of polymerizable ethylenically unsaturated groups. 

s These polymers can be used to form intraocular lenses that have high refractive indexes, are flexible and trans- 

parent, can be inserted into the eye through a relatively small incision, and recover their original shape after having 
been inserted. 

Further objects of the invention will be apparent from the description of the invention which follows. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a cross-section of a mold usable in preparing a flexible intraocular lens according to the invention. 
Figure 2 shows a front view of an intraocular lens of the invention. 

Figure 3 shows a side view of an intraocular lens of the invention in its extended configuration. 
*5 Figure 4 shows a side view of an intraocular lens of the invention in a rolled configuration. 

Figures 5-7 show a portion of the optic portion of an intraocular lens with holes for attaching haptics. 
Figure 8 shows a multipiece intraocular lens. 

Figure 9 shows an optic moulded between two polypropylene mould halves. 

Figure 10 shows an optic/mould sandwich produced from the combination of Figure 9. 

20 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS. 

The refractive power of a lens is a function of its shape and the refractive index of the material of which it is made. 
A lens made from a material having a higher refractive index may be thinner and provide the same refractive power 
25 as a lens made from a material having a relatively lower refractive index. 

In intraocular lenses designed to be rolled or folded for insertion through a small incision, a lens of thinner cross- 
section is inherently more flexible and can be rolled or folded to a smaller cross-section. The flexible intraocular lenses 
of this invention, because of the high refractive index of the polymer from which they are molded, can be made thinner 
than a lens made from a polymer with a lower refractive index, such as a polyurethane, or silicone. Accordingly, the 
30 intraocular lenses of this invention are capable of being reduced to a smaller diameter than known flexible lOLs, and 
therefore permit the use of a smaller incision. 

The polymers used in preparing the flexible intraocular lenses of the invention comprise copolymers, of at least 2 
monomers comprising aryl acrylate and aryl methacrylate monomers having the formula: 

35 X 



CH 2 = C-COO-(CH 2 ) m -Y-Ar 

40 

wherein: 

X is H or CH 3 ; 
m is 0-10; 

45 Y is nothing, O, S, or NR wherein R is H, CH 3 , C n H 2n+1 (n=1 -10) iso OC 3 H 7 , C 6 H 5 , or CH 2 C 6 H 5 ; 

Ar is any aromatic ring, such as benzene, which can be unsubstituted or substituted with H, CH 3 , C 2 H 5 , n-C 3 H 7 , 
iso-C 3 H 7 , OCH 3 , CgH^, CI, Br, C 6 H 5 or CH 2 C 6 H 5 ; and 

a cross-linking monomer having a plurality of polymerizable ethylenically unsaturated groups. The polymers have 
a glass transition temperature not greater than 37°C and an ultimate elongation of at least 150% at 20°C. 

50 

Suitable monomers include, but are not limited to: 2-ethylphenoxy methacrylate, 2-ethylphenoxy acrylate, 2-ethyl* 
thiophenyl methacrylate, 2-ethylthiophenyl acrylate, 2-ethylaminophenyl methacrylate, phenyl methacrylate, benzyl 
methacrylate, 2-phenylethyl methacrylate, 3-phenylpropyl methacrylate, 4-phenylbutyl methacrylate, 4-methylphenyl 
methacrylate, 4-methylbenzyl methacrylate, 2-2-methylphenylethyl methacrylate, 2-(4-benzylphenyl)ethyl methacr- 
55 yiate, 2-4-methylphenyl thyl methacrylat , 2-(4-propylphenyl)ethyl methacrylate, 2-(4-(l-methylethyl)phenyl)ethyl 
methacrylate, 2-(4-methoxyphenyl)ethylmethacrylate, 2-(4-cyclohexylph nyl)ethyl m thacrylate, 2-(2-chlorophenyl) 
ethyl methacrylate, 2-(3-chlorophenyl)ethyl methacrylate, 2-(4-chlorophenyl)ethyl methacrylate, 2-(4-bromophenyl) 
ethyl methacrylate, 2-(3-phenylphenyl)ethyl methacrylate, 2-(4-phenylphenyl)ethyl methacrylate), 2-(4-benzylphenyl) 



3 
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ethyl methacrylate including the corr sponding methacrylates and acrylates. 

The copolymerizable cross-linking agent used in the polymers of this invention may be any terminally ethylenically 
unsaturated compound having more than one unsaturated group. Suitable cross-linking agents include, for example: 
ethylene glycol dimethacrylate, diethylene glycol dimethacrylate, allyl methacrylate, 1,3-propanediol dimethacrylate, 

s allylmethacrylate, 1 ,6-hexanediol dimethacrylate, 1 ,4-butanediol dimethacrylate, and the like. A preferred cross-linking 
agent is 1,4-butanedio! diacrylate (BDDA). 

It will be understood by those skilled in the art, that among polymers of acrylic esters, those made from acrylate 
ester monomers tend to have lower glass transition temperatures and to be more flexible than polymers of methacrylate 
esters. Accordingly, the aryl acrylate/methacrylate copolymers used in the lOL's of this invention will generally comprise 

10 a greater mole percent of acrylate ester residues than of methacrylate ester residues. It is preferred that the aryl acrylate 
monomers constitute from 60 mole percent to bout 95 mole percent of the polymer, while the aryl methacrylate mon- 
omers constitute from 5 mole percent to 40 mole percent of the polymer. Most preferred is a polymer comprising about 
60 - 70 mole percent 2-phenylethyl acrylate (PEA) wherein, in the structure set forth above X is H, m is 2, and Ar is 
phenyl; and 30 - 40 mole percent 2-phenylethyl methacrylate (PEMA), wherein, in the structure set forth above X is 

is CH 3 , m is 2, and Ar is phenyl. 

The proportions of the monomers should be chosen to produce a polymer having a glass transition temperature 
not greater than about 37°C, which is normal human body temperature. Polymers having glass transition temperatures 
higher than 37°C are not suitable; such lenses could only be rolled or folded at temperatures above 37°C and would 
not unroll or unfold at normal body temperature. It is preferred to use polymers having a glass transition temperature 

20 somewhat below normal body temperature and no greater than normal room temperature, e.g., about 20°C-25°C ( in 
order that the lenses can be rolled or folded conveniently at room temperature. 

The lenses must exhibit sufficient strength to allow them to be folded without fracturing. The polymers exhibit an 
elongation of at least 150%. Preferably, the polymers exhibit an elongation of at least 200%. Lenses made from poly- 
mers which break at less than 1 50% elongation may not endure the distortion which necessarily occurs when they are 

25 rolled or folded to a dimension small enough to pass through a small incision. 

The polymers of this invention are prepared by generally conventional polymerization methods. A mixture of the 
liquid monomers in the desired proportions together with a conventional thermal free-radical initiator is prepared. The 
mixture can then be introduced into a mold of suitable shape to form the lens and haptic in one integral unit, and the 
polymerization carried out by gentle heating to activate the initiator. Typical thermal free radical initiators include per- 

30 oxides, such as benzophenone peroxide, peroxycarbonates, such as bis-(4-t-butylcyclohexyl) peroxydicarbonate, 
azonitriles, such as azobisisobytyronitrile. A preferred initiator is bis-(4-t-butylcyclohexyl) peroxydicarbonate (PERK). 
Alternatively, the monomers can be photopolymerized by using a mold which is transparent to actinic radiation of a 
wavelength capable of initiating polymerization of these acrylic monomers by itself. Conventional photoinitiator com- 
pounds, e.g., a benzophenone-type photoinitiator, can also be introduced to facilitate the polymerization. Photosensi- 

35 tizers can be introduced as well to permit the use of longer wavelengths; however, in preparing a polymer which is 
intended for long residence within the eye, it is generally preferable to keep the number of ingredients in the polymer 
to a minimum to avoid the presence of materials which might leach from the lens into the interior of the eye. 

An ultra-violet absorbing material can also be included in the polymeric lenses of this invention in order that the 
lenses may have an ultraviolet absorbance approximately that of the natural lens of the eye. The ultraviolet absorbing 

40 material can be any compound which absorbs ultraviolet light, i.e., light having a wavelength shorter than about 400 
nm, but does not absorb any substantial amount of visible light. The ultraviolet absorbing compound is incorporated 
into the monomer mixture and is entrapped in the polymer matrix when the monomer mixture is polymerized. Suitable 
ultraviolet absorbing compounds include substituted benzophenones, such as 2-hydroxy benzophenone, and 2(2-hy- 
droxyphenyl)benzotriazo!es. It is preferred to use an ultraviolet absorbing compound which is copolymerizable with 

^5 the monomers and is thereby covalently bound to the polymer matrix. In this way possible leaching of the ultraviolet 
absorbing compound out of the lens and into the interior of the eye is minimized. Suitable copolymerizable ultraviolet 
absorbing compounds are the substituted 2-hydroxybenzophenones disclosed in U.S. Patent No. 4,304,B95 and the 
2-hydroxy-5-acryloxyphenyl-2H-benzotriazoles disclosed in U.S. Patent No. 4,528,311 . The most preferred ultraviolet 
absorbing compound is 2-(3'-methallyl-2'-hydroxy-5'methyl phenyl) benzotriazole. 

so lOLs constructed of the disclosed polymers can be of any design capable of being rolled or folded into a small 

cross section that can fit through a relatively smaller incision. For example, the lOLs can be of what is known as a one 
piece or multipiece design. Typically, an IOL comprises an optic and at least one haptic. The optic is that portion which 
serves as the lens and the haptics are attached to the optic and are like arms which hold the optic in its proper place 
in the eye. The optic and haptic(s) can be of the same or different material. A multipiece lens is so called because the 

55 optic and the haptic(s) are made separat ly and then the haptics are attached to th optic. In a single piece lens, the 
optic and the haptics are formed out of on piece of material. Depending on the material, the haptics ar then cut, or 
lathed, out of the mat rial to produce the IOL. 

The preferred IOL of the present invention is shown in Figure 8 and is a multi-pi c lens wherein the optic 401 
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- -jesss syssas a ,ens can be made * 

optic diameter is lathe cut The resTn^S/liH L h I P X,c ™ len * 18 then P^ed on a lathe and the desir d 
carry out any driliing opelat^nor t o ^ ^ 'IT ^ ^ ^ te 

304 carries the haptic anchor " S^a2T£Z^2i , ' 2? * ^ h °' e 303 CarrieS the ha <> tic ' Ho,e 
inserted fully into hole 303 A laser beam US 520 If I W** ' 3 ™ MA *** (b,US COre VS - 100 > is 
aimed at the intersection of the £ I^JSf fZl T^nl??™ 3 SP ° l diame,er ° f 100 microns is *en 

» inserted into hole 304 to the poinUhaUhe o o ic lU c!Z t c J"* (blUe COre VS " 1 ° 0) anchor strand is »an 
A, Figure 5. While firing, t^StZ^^^l, k'T ^ T"?™ h the " aimed and fired a < 
until the optic relaxes Figure 6 This o^Ll T„ ? u " d f ° rth the direction of the arrows in Figure 5 

The .aser is then aimed a^oit Jid^.^nS^' T* ? ^ 304 " fU " °' ma,erial ^ 
D and fired causing the cut end of JShScT^ 22 f h ^ ' S MV8n,d The laser is lhen aimed at P*nt 

» E and fired, moving in all d reel™ as sSwn hvll f u ' nt ° the h °' e 304 The ,aser is then ai ™ d at point 

the desired numbe? of ZS^^^^^^T ^ ^ " un * 

rather than PMMA haptics Pt '° 305 B,Ue P 01 ^/"™ haptics can also be used 

^ The invention wii, be further i.lustrated by the fo.lowing examples which are intended to be iliustrative, but not 

5 

EXAMPLE 1 

co^S^SS^ ^ PrePara,i0n °' P ° lymerS ^ fl6Xib,e in,raocu -ses made of such polymers ac- 

ydicarbonate was degassed and transfer bi S; (4-,-buty,cyc,ohexy„ perox- 

a film mold made of two glass plates with one lavTr o^nlJ.L , \ ? h ° type " IUS,rated in Fi 9 ure 1 and ( 2 ) 
Plates being separated by a siEne qaske of 0 mm ^ V T ' ereph,halate film on ea <* facing side, with the 
■ no differential pressure b^SSSt^Zr^^ n ° tt 80 that ,hera Would be 

101 illustrated in Figure 1 coJS^TS^^^l TT ^ durin9 the P olv ™rization. The mold 
erate when the mofd is asseXd to fo^i h 8 t0P P ° rtl0n 1 ° 3 ' ^ con,ain recesses which coop- 

105 and 106 Thetop^nST^St^^ ^.^J* °P tlc f °™"9 P«tlon 104 and haptic forming portions 
filled by injecting E 

monomer Lure «° fi " in9 P ° rt 108 Until the ™ ld ™ «»ed and excess" 

them^wTop^ 

S»i^ and of h -~ - 
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TABLE 1 



Monomer Composition* (Mole %) 



PEA 



PEMA 



5 
10 
10 
10 
10 
20 
20 
20 
20 



5 

0.5 
1.0 
1.5 
2.0 
0.5 
1.0 
1.5 
2.0 



BDDA 



Properties* 



Tg (°c) 


Elongation (%) 




Tan 


12 


— 


1.5520 


0.08 


10 


490 


1.5512 


0.16 


11 


330 


1.5499 


0.32 


10 


200 


1.5500 


0.16 


10 


220 


1.5572 


0.10 


13 


500 


1.5520 


0.45 


11 


300 


1.5536 


0.23 


11 


220 


1.5518 


0.29 


15 


230 


1.5501 


0.25 



90 
89.5 
89.0 
88.5 
88.0 
79.5 
79.0 
78.5 

7ao 

PEA - Phenylethyl acrylate 
PEMA - Phenylethyl methacrytate 
HDDMA • 1-6 Hexanediol dimethacrylate 
BDDA - 1-4 Butanediol diacrylate 
** Tg - Glass Transition Temperature 
Elongation - Ultimate Elongation at 20°C 

- Refractive Index at 20 o C 
Tan - Ratio of loss modulus over storage modulus at 37°C 

Labs, Inc., wherein coupons cut from the 0 8 k atelo , n 9 atlon,n strument manufactured by Polymer 

apart until the samples fractured ^n^^^J^^^ ° PP ° Sin9 which *"* 
loss modulus over storage modulus (Tan ) a?37-C was T r! ^ a " Abbe refract °™ter. The ratio of 
ufactured by Former Labs, Inc , wherein f saml of the o « T ! ^S*™ Thermal A ™*™ en- 

force to exciting force was determined P 8 mm ,h,Ck ^ Was vibrated and ,h ° ratio of restoring 

shapes as shown in Figure 4 having a diamX smaH enloh to J ™TZT M H ° Sma "> 9eneral| y c Windrical 
The rolied lenses were passed th^TJS^TSJi ^ ^ ab ° Ut 3 mm h len 9 th ' 

shape after being released from the llew^Z ^a * t0 recover their ™' d * d 

trrTo a h the le r f s of ,his inven,ion can be **> *» ■*> 

™-e,^ 
EXAMPLE 2 



The following polymers were made according to the procedure described below. 
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1 


2 


1 ^ 


4 


5 


6 


7* 


8 


9 


PEMA 

PEA 

PPA 


30 
65 


15 
80 


15 
80 


17 
80 


15 
80 


30 
65 


30 


30 


30 
65 


POEA 














65 






UVC 
BDDA 


1.8 
3.2 


.5 
3.2 


.5 


.5 


.5 


.5 


.5 


65 

.5 




DDDA 






3.2 








3.2 


3.2 


3.2 


PE400DA 




















PE1000DMA 








3,2 












BZP 


1 


1 


1 


1 


3.2 
1 


10 
1 


1 


1 


1 
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15 



20 



25 



30 









TABLE 


2 (continued) 








INSTRON 


1 


2 


3 


4 


5 


6 


7* 


8 


9 


(tensile tester) 




















modulus 
% elong 
tensile 


125 
285 

O A A 

344 


111 
158 
173 


96 
228 
154 


109 
355 
139 


78 
432 
105 


64 
331 
215 


129 
146 
137 




162 

Art r\ 

223 
315 


Refractive Index 


1-556 


1.554 


1.553 


1.553 












Jg 

* Comparative Example 


17 


11 


10 


7 


7.9 




4.5 







Material CodQ 



PEA 
PEMA 
PPA 
POEA 
UVC 
BDDA 
DDDA 

PEGSnMADTT! 8 " 69 ^ 400 DiaCry,ate X " Linker 
PEG1000DMAPolyethyleneglycol 1000 Dimethacrylate X-Linker 
Benzoyl Peroxide 



2-Phenylethyl Acrylate 

2- Phenylethyl Methacrylate 

3- Phenylpropyl Acrylate 

o mtpmv 1!? ACry ' ate ( Po| y scien ces, caustic washed) 

1.10 Decandediol Diacrylate X-Linker 
Polyethyleneglycol 400 Diacrylate X-Linker 

PolVAthv/lonorih/^l tr\r\r\ r^i . 



In the monomer compositions in Table 2 above 



all parts are parts by weight 



Procedure: 



35 



40 



45 



50 



sep^x p, a es i r,sr !xl 'zsizxsx cas ; in r a moid was — °< - — P- 

containing the monomerformulation undeSi^ 

mold with spring clamps, the mold was filled wim^ZSSf^S. h k k"? ,he C ' amping t0 9 e,her of th * casting 
The filled fixture was then placed into an ai Slain ZZ h J? b ' 6S W6re eHmina,ed ,rom the ^sting 
AH polymers were flexible and suitable for use in an , OL ** 16 *° 18 h ° UrS * 65 °° + 3 hrs * W 

<°-°~^^ 

above are to be considered in'al, ™Zs lS S ^ the «*>*"««. described 

by the appended claims rather than by the tor^SESSE and a ? h T ° f bein 9 indicated 

range o, equivalency of the claims are" intended' tol SSS herein ^ * C °™ ' he meanin 9 and 

Claims 

having the formula: °mpr.sing aryl acrylate and aryl methacrylate monomers, the monomers 



ss 



CH2 = C-COO-(CH2) m -Y-Ar 



wherein 



XisHorCH q 
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m is 0-10, 

Y is nothing, O, S or NR wherein R is H, CH 3 , C n H 2n+1 (n=1-10) iso-OC 3 H 7 , C 6 H 5 or CH 2 C 6 H 5 ; 
Ar is an aromatic ring which can be unsubstituted or substituted with H, CH 3 , C 2 H 5 , n-C 3 H 7 , iso-C 3 H 7 , OCH 3 , 
CgHn, CI, Br, 
5 C 6 H 5 or CH 2 C 6 H 5 ; and 

a copotymerization cross-linking monomer having a plurality of polymerizable ethylenically unsaturated 
groups. 

2. The copolymer of claim 1 comprising 2 monomers wherein in a first monomer X is H, m is 2 and Ar is phenyl, and 
10 in a second monomer X is CH 3 , m is 2 and Ar is phenyl. 

3. The copolymer of claim 1 or 2 having a glass transition temperature less than 37°C and having an elongation of 
at least 200%. 



'5 4. The copolymer of any one of the preceding claims wherein the copolymerizable cross-linking monomer is 1 ,4-bu- 
tanediol diacrylate. 

5. The copolymer of any one of the preceding claims further comprising a copolymerizable ultraviolet absorbing 
material. 



20 



6. The copolymer of claim 5 wherein the ultraviolet absorbing material is 2-(3'-methalIyl-2 , -hydroxy-5 , -methylphenyl) 
benzotriazole. 



7. The copolymer of any one of claims 1 to 4 wherein the first monomer is present at a concentration of 65 wt.%, the 
25 second monomer is present at a concentration of 30 wt.%; the copolymer further comprising 1,4-butanediol dia- 
crylate as cross-linking monomer at a concentration of 3.2 wt.% and 2-(3 , -methallyl-2'-hydroxy-5'-methyphenyl) 
benzotriazole as copolymerisable ultraviolet absorbing material at a concentration of 1 .8 wt.%. 

8. An intraocular lens comprising a copolymer having an ultimate elongation of at least 150% at 20°C and a glass 
30 transition temperature less than 37°C, comprised of at least two monomers comprising aryl acrylate monomers 

and aryl methacrylate monomers, the monomers having the formula: 

„ O^-CCOCMO^-Y-Ar 

wherein 

X is H or CH 3 , 
*o mis 0-10, 

Y is nothing, O, S or NR wherein R is H, CH 3 , C n H 2n+1 (n=1-10) iso-OC 3 H 7 , C 6 H 5 or CH 2 C 6 H 5 ; 

Ar is an aromatic ring which can be unsubstituted or substituted with H, CH 3 , C 2 H 5 , n-C 3 H 7 , iso-C 3 H 7 , OCH 3 , 

CeHn, CI, Br, C 6 H 5 or CH 2 C 6 H 5 ; and 

a copotymerization cross-linking monomer having a plurality of polymerizable ethylenically unsaturated 
45 groups. 

9. The intraocular lens of claim 8 wherein said copolymer is comprised of two monomers wherein in a first monomer 
X is H, m is 2, and Ar is phenyl and in a second monomer X is CH 3 , m is 2 and Ar is phenyl. 

50 10. The intraocular lens of claim 8 or 9 wherein the first monomer is present at a concentration of 65 wt.% and the 
second monomer is present at a concentration of 30 wt.% 

11. The intraocular lens of any one of claims 8 to 10 wherein said cross-linking monomer is 1 ,4-butanediol diacrylate. 

55 12. An intraocular lens of claim 8 comprising a copolymer comprised of two monomers, the first of which is 2-phenylethyl 
acrylat , the second of which is 2-phenyl thyl methacrylate and a cross-linking monom r 1 ,4-butanediol diacrylate. 

1 3. The intraocular lens of any one of claims 8 to 1 2 further comprising a copolymerisable ultraviolet absorbing material. 
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14. An intraocular lens according to claim 8 comprising an optic and at least on haptic wherein the optic is comprised 
of a copolymer comprising 65 wt.% 2-phenylethyl acrylate, 30 wt.% 2-phenylethylmethacrylate, 3.2 wt.% 1,4-bu- 
tanediol diacrylate and 1.8 wt.% 2-(3 , -methallyl-2'-hydroxy-5'-methylphenyl)benzotriazole. 

s 15. The intraocular lens of claim 14 comprising two haptics made of polymethylmethacrylate or polypropylene. 



Patentanspruche 

10 1. Copolymer mit einer Dehnungsgrenze von wenigstens 150 % bei 20°C und einer Glasubergangstemperatur von 
unter 37°C mit wenigstens zwei Monomeren, umfassend Arylacrylat- und Arylmethacrylat-Monomere, wobei die 
Monomeren die nachfolgende Formel aufweisen: 

r 

15 CH2 = C-COO-(GH 2 ) m -Y-Ar 



mit den nachfolgenden Bedeutungen: 

20 x = H Oder CH 3 , 

m = 0-10, 

Y entfallt, ist O, S oder NR, wobei R H, CH 3 , C n H 2n+1 (n=1-10) iso-OC 3 H 7 , C 6 H 5 Oder CH 2 C 6 H 5 ist; 
Ar ist ein aromatischer Ring, der unsubstituiert oder mit H, CH 3> C 2 H 5 , n-C 3 H 7 , iso-C 3 H 7 , OCH 3 , C 6 H ni CI, 
Br, C 6 H 5 oder CH 2 C 6 H 5 substituiert sein kann; und 
25 ein Copolymerisations-Vemetzungs-Monomer mit einer Vielzahl polymerisierbarer, ethylenisch ungesattigter 

Gruppen. 

2. Copolymer nach Anspruch 1 , 

mit zwei Monomeren, wobei in einem ersten Monomer X H ist, m 2 ist und Ar Phenyl ist, und in einem zweiten 
30 Monomer X CH 3 ist, m 2 ist und Ar Phenyl ist. 

3. Copolymer nach Anspruch 1 oder 2, 

mit einer Glasubergangstemperatur von unter 37°C und mit einer Dehnung von wenigstens 200 %. 

35 4. Copolymer nach einem der vorhergehenden Anspruche, wobei das copolymerisierbare Vernetzungsmonomer 
1 ,4-ButandioldiacryIat ist. 

5. Copolymer nach einem der vorhergehenden Anspruche, daB weiterhin ein copolymerisierbares, ultraviolettes Licht 
absorbierendes Material aufweist. 

40 

6. Copolymer nach Anspruch 5, 

wobei das ultraviolette Licht absorbierende Material 2-(3'-Methallyl-2 , -hydroxy-5'-methylphenyl)benzotriazol ist. 

7. Copolymer nach einem der AnsprOche 1 bis 4, 

45 wobei das erste Monomer in einer Konzentration von 65 Gew.-% vorliegt, das zweite Monomer in einer Konzen- 

tration von 30 Gew.-% vorliegt, das Copolymer weiterhin 1 ,4-Butandioldiacrylat als Vernetzungsmonomer in einer 
Konzentration von 3,2 Gew.-% und 2-(3'-Methallyl-2'hydroxy-5 , -methylphenyl)benzotriazol als copolymerisierba- 
res ultraviolettes Licht absorbierendes Material in einer Konzentration von 1,8 Gew.-% aufweist. 

50 8. Intraokulare Linse mit einem Copolymer mit einer Dehnungsgrenze von mindestens 150 % bei 20°C und einer 
Glasubergangstemperatur von unter 37°C mit wenigstens 2 Monomeren, umfassend Arylacrytatmonomere und 
Arylmethacrylatmonomere, wobei die Monomere die nachfolgende Formel aufweisen: 



55 



CH 2 - C • COO - (CH 2 )m - Y- Ar 



mit den nachfolgenden Bedeutungen: 
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X = H Oder CH 3 , 
m = 0-10, 

Y entfallt, ist O, S Oder NR, wobei R H. CH 3 , C n H 2n+1 (n=1-10) iso-OC 3 H 7 , C 6 H 5 Oder CH 2 C 6 H 5 ist; 

Ar ist ein aromatischer Ring, der unsubstituiert Oder mit H, CH 3 , C 2 H 5 , n-C 3 H 7 , iso-C 3 H 7 , OCH 3 , C 6 H 11( CI, 

Br, C 6 H 5 oder CH 2 C 6 H 5 substituiert sein kann; und 

ein Copolymerisations-Vernetzungs-Monomer mit einer Vielzahl polymerisierbarer, ethylenisch ungesattigter 
Gruppen. 

9. Intraokulare Linse nach Anspruch 8, 

wobei das Copolymer zwei Monomere aufweist, wobei in einem ersten Monomer X H ist, m 2 ist und Ar Phenyl 
ist und in einem zweiten Monomer X CH 3 ist, m 2 ist und Ar Phenyl ist. 

10. Intraokulare Linse nach Anspruch 8 oder 9, 

wobei das erste Monomer in einer Konzentration von 65 Gew.-% und das zweite Monomer in einer Konzentration 
von 30 Gew.-% vorliegt. 

11. Intraokulare Linse nach einem der Anspruche 8 bis 10, wobei das Vernetzungsmonomer 1,4-Butandioldiacrylat ist. 

12. Intraokulare Linse nach Anspruch 8, 

mit einem Copolymer aus zwei Monomeren, wobei das erste Monomer 2-Phenylethylacrylat ist und das zweite 
Monomer 2-Phenylethylmethacrylat ist und 1,4-Butandioldiacrylat das Vernetzungsmonomer ist. 

13. Intraokulare Linse nach einem der Anspruche 8 bis 12, die weiterhin ein copolymerisierbares, ultraviolettes Licht 
absorbierendes Material aufweist. 

14. Intraokulare Linse nach Anspruch 8, 

mit einem optischen Teil und wenigstens einem haptischen Teil, wobei der optische Teil ein Copolymer aus 65 
Gew.-% 2-Phenylethylacrylat, 30 Gew.-% 2-Phenylethylmethacrylat, 3,2 Gew.-% 1,4-Butandioldiacrylat und 1,8 
Gew.-% 2-(3 l -Methallyl-2'-hydroxy-5'-methylphenyl)benzotriazol aufweist. 

15. Intraokulare Linse nach Anspruch 14, 

mit zwei haptischen Teilen aus Polymethylmethacrylat oder Polypropylen. 



Revendications 

1 . Copolymere ayant un allongement a la rupture d'au moins 1 50% a 200C et une temperature de transition vitreuse 
inferieur a 370C, constitue d'au moins 2 monomeres comprenant les monomeres d'acrylate d'aryle et de m6tha- 
crylate d'aryle, les monomeres ayant la formule: 

X 

CH2=C-COO- ( CH2 )m-Y-Ar 

dans laquelle 

X est un atome d'hydrogene ou un groupe CH 3 , m est compris entre 0 et 10 

Y est rien, O, S ou NR, dans lequel R est un atome d'hydrogene, un groupe CH 3 , C n H 2n+1 (n-l a 10), iso- 
OC 3 H 7 , C 6 H 5 ou CH 2 C 6 H 5 ; 

Ar est un noyau aromatique qui peut etre non substituS ou substitu6 par un atome d'hydrogene, un groupe 
CH 3 , C 2 H 5 , n-C 3 H 7 , iso-C 3 H 7 , OCH 3 , OCH 3 , C 6 H 11( CI, Br, C 6 H 5 ou CH 2 C 6 H 5 ; et 

un monomere r^ticulant de copolym§risation ayant une plurality de groupes polymerisables a insaturation 
6thyl 'nique. 

2. Copolymere s Ion la revendication 1 , comprenant 2 monomer s, dans lequel un pr mi r monomere X est un 
atome d'hydrogene, m vaut 2 et Ar est un groupe pheYiyle, et dans un second monomere, X est un group CH3, 
m vaut 2 et Ar est un groupe ph6nyle. 
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15 



3 - 

Mon de 3,2% en po id8 „ „ ^Zt^t^^^^T°T' * rS " C "' Kl0 " 4 "™ 



X 

CH 2 »C-COO-(CH 2 )m-Y-Ar 

dans laquelle 



X est un atome d'hydrogene ou un around ph m „ 

Y est Tien o <; MD * , groupe oh 3 , m est compris entre 0 et 10 

OcTh," 0 S ^ SST " " " — ~°' » °'°»° 8 C »3. . .0,, * 

,2 pr 8 ;sx^rcr3 

delate do 1,4-butanediol. • °ont le second est le methacrylate de 2-phenylethyle et d'un monomere 

de methacrylate d 2-phenyle.hyl 3,2% enTds d ^ZTlTT* 3°% en poids 

methalVI-2--hydrox y -5'-methyl P h6nyl)benzo1riaSle ^ 1 .4-butanediol et 1,8% en poids de 2-<3'. 
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15. Lentille intraoculair selon la revendication 14, comprenantdeuxhaptiquesfaitesdepoly(m6thacrylatede mSthyle) 
ou de polypropylene. 
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